Objective-To examine the vasoconstrictor response to ergonovine and the vasodilator response to isosorbide dinitrate in spastic and non-spastic coronary segments from 31 patients undergoing serial angiographic follow up of variant angina. Methods-Coronary angiograms and ergonovine provocation tests were repeated at an interval of 45 (SD 15) months apart. While all 31 patients showed a positive response to ergonovine initially, vasospastic responsiveness persisted in only 16 patients at follow up (group 1) and not in the other 15 patients in whom symptoms of variant angina had resolved (group 2). Mean luminal diameter of 170 normal or near normal entire coronary segments (American Heart Association classification) were measured (a) at baseline, (b) after the administration of ergonovine, and (c) after the administration of isosorbide dinitrate, during both the initial and follow up angiograms using a computer based quantitative angiography analysis system (CAAS II). Results-In vasospastic patients (initial and follow up angiograms in group 1, and initial angiogram in group 2), basal tone was significantly higher in spastic segments compared to adjacent segments or segments in non-spastic vessels. The diagnostic sensitivity and specificity at 20% increase in basal coronary tone for the prediction ofvasospasm were 77% and 73%, respectively. Conclusions-Coronary artery tone may change in proportion to the activity of variant angina over several years. Contrary to some previous reports, the estimation of basal coronary tone may be useful in the assessment of vasospastic activity in patients with variant angina. (Heart 1996;75:267-273) Keywords: coronary spasm, variant angina, ergonovine provocation test, quantitative coronary angiography Coronary vasospasticity plays an integral role in the genesis of variant angina, some types of acute myocardial infarction, and restenosis after balloon angioplasty.1-9 The proposed mechanism of vasospasm includes hypersensitivity to endothelium derived factors, platelet derived vasoactive substances, and autonomic nervous tone.'0-'3 Basal coronary tone is felt to be related to the regulation of vascular smooth muscle tension by local endothelium derived factors, humoral factors, and parasympathetic nervous tone. 14-16 Thus similar factors may play a role in both vasospasm and the mediation of basal coronary tone. Despite the common mediators, previous clinical studies attempting to determine whether basal coronary tone is increased in patients with vasospastic angina have yielded conflicting evidence'7-22 and the chronological interaction of basal coronary tone and vasospastic activity over several years is unknown.
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To examine the role of coronary tone, its chronological changes, and its relation to vasospastic anginal attacks, we compared basal coronary tone and vasospastic activity during both initial and follow up angiographic studies in 31 patients. We measured changes in mean luminal diameter of each entire spastic segment, segments adjacent to the spastic segment, and segments in non-spastic vessels at baseline, after administration of ergonovine and after administration of isosorbide dinitrate, using computer based quantitative coronary angiography.
Methods

PATIENT SELECTION
Thirty one patients who met the following criteria of variant angina were included in the study: (1) chest pain at rest associated with ST segment changes of more than 0-2 mV on ECG; (2) pain relief immediately following the administration of glyceryl trinitrate; (3) no subsequent evidence of myocardial infarction; and (4) ergonovine provoked coronary spasm associated with chest pain and ischaemic ECG changes. Coronary spasm was defined as a transient total or nearly total occlusion reversible with isosorbide dinitrate, or as a transient but significant (> 50%) narrowing reversible with isosorbide dinitrate in normal or nearly normal segments.82324
The disease activity of vasospastic angina was assessed by anginal symptoms, 12-lead ECG during symptoms, and ambulatory inhospital electrocardiographic monitoring, or Holter monitoring out of hospital. Of the 31 patients who had symptoms of variant angina at the time of the initial angiographic study, 16 Ozaki, Keane, Serruys had persistent symptoms of vasospastic angina with ischaemic electrocardiographic changes during the follow up period, and vasospasm was reproduced at the same coronary site at the follow up angiogram (group 1), while in 15 patients symptoms of variant angina had resolved completely and neither ischaemic ST segment changes nor positive response to ergonovine was demonstrated during follow up (group 2). Table 1 shows the clinical and electrocardiographic characteristics of the two groups. There were no significant differences in age, gender, duration of follow up, coronary risk factors, or location of ischaemic ST segment changes on ECG. One patient of each group with ST elevation in both anterior and inferior leads had spasm in the right coronary and left anterior descending coronary arteries.
It has been reported that the response to an ergonovine provocation test is of value in the prediction of spontaneous activity of vasospastic angina.2526 We therefore performed follow up angiography and ergonovine provocation testing when progression of coronary atherosclerosis was suspected, frequency of anginal attacks increased, or vasospastic activity was thought to have resolved, and it may no longer have been necessary to continue long term drug treatment. In patients who had a negative response to ergonovine at the follow up test (group 2) the treatment dose was tapered or discontinued after the follow up angiogram. At angiographic follow up, coronary spasm was observed at the same coronary arterial site in group 1, while no spasm was reproduced at follow up in group 2.
STUDY PROTOCOL
The study was approved by the hospital's ethics committee and informed written consent was obtained from each patient before examination. All patients were admitted to the coronary care unit before the study. Sublingual glyceryl trinitrate was given as required, but calcium antagonists and oral nitrates were gradually tapered, and calcium antagonists were discontinued for 36 h and oral nitrate was discontinued for 24 h before the study. Coronary angiography was performed in the morning (from 8:30 to 11:00 am) by the Sones technique at Anjo Kosei Hospital in Japan.
After baseline angiograms suitable for quantitative analysis of the right and left coronary arteries had been obtained, 0-2 mg ergonovine In group 1 at both tests and group 2 at the initial test, all coronary spasms were observed after the first administrated dose of ergonovine (0-2 mg). Coronary vasospasm was relieved by isosorbide dinitrate, given as one or two intracoronary boluses to a total of 5 mg. To exclude the possibility of persistent spasm, we gave a dose (5 mg) of intracoronary isosorbide dinitrate which was greater than the dose previously shown to achieve maximum coronary vasodilatation in patients with vasospastic angina (3 mg).27 28 The follow up angiography and provocation tests were performed in the same angiographic projection as the initial angiogram after viewing the initial angiographic records and cinefilm. The response to ergonovine and isosorbide dinitrate and the severity of fixed stenosis after the administration of isosorbide dinitrate were quantified in matched views between the initial and follow up angiograms using a quantitative angiographic analysis system.
QUANTITATIVE CORONARY ANGIOGRAPHIC ANALYSIS
The new version of the computer based Coronary Angiography Analysis System (CAAS II)29 was used to perform the quantitative analysis in a core angiographic laboratory (Cardialysis, Rotterdam, The Netherlands). In the CAAS analysis, which has been described elsewhere previously,29-33 the entire cineframe of size 18 x 24 mm is digitised at a resolution of 1329 x 1772 pixels. Correction for pincushion distortion is performed before analysis. Boundaries of a selected coronary segment are detected automatically. The absolute diameter of the stenosis (in mm) is determined using the guiding catheter as a scaling device. To standardise the method of analysis of the initial and follow up angiograms, the following measures were taken34: all study frames selected for analysis were end diastolic to minimise motion artefact; and arterial segments were measured between the same identifiable branch points at baseline, after the administration of ergonovine, and after the administration of isosorbide dinitrate. Changes in the mean luminal diameter of each entire coronary segment as well as the minimum luminal diameter of each analysed coronary segment were studied.
ANALYSED SEGMENTS
In group 1, the 16 spastic segments studied were located in the right coronary artery (RCA) in eight patients, left anterior descending coronary artery (LAD) in two patients, and left circumflex coronary artery (LCX) in six patients. In group 2, the 16 spastic segments were located in the RCA in eight patients, the LAD in six patients, and the LCX in two patients. The three major coronary arteries were divided according to the classification of the American Heart Association (AHA) committee report. 35 The proximal and distal segments of each coronary artery were analysed. The proximal segment of the RCA was taken as AHA segments 1 and 2, the distal segment of the RCA was AHA segment 3, the proximal segment of the LAD was AHA segment 6, the distal segment was AHA segment 7, the proximal segment of the LCX was AHA segment 11, and the distal segment was AHA segment 13 .
For the purpose of this study only angiographically normal or Figure 3 shows distribution curves of the tivity and specificity of basal coronary toi the prediction of vasospasm in cor4 artery. The sensitivity and specificity wer culated from all 48 spastic segments in s] vessels and all 162 non-spastic segmer non-spastic vessels in the initial and follc angiograms of group 1 and the initial a gram of group 2. At 20% increase in tone, which is the nearest rounded number to the crossing point of two distribution curves, the sensitivity was 77% and specificity 73%.
Discussion
The specific findings of this study are as follows: (1) neither basal coronary tone nor vasoconstriction changed over time in patients with persistent variant angina, while in patients in whom symptoms of variant angina resolved, both vasoconstriction and basal coronary tone of previously spastic segments 100% were restored to normal; (2) vasoconstriction in adjacent segments and segments in nonspastic vessels was equivalent both in patients y tone with active disease and in patients with inacnary tive disease; (3) in patients with active disease, f the basal tone in spastic segments was greater than in adjacent segments or segments in non-spastic vessels; (4) adjacent segments only showed on in increased basal coronary tone compared to -antly segments in non-spastic vessels during the seg-period of disease activity. in the ,f seg-DISCORDANT FINDINGS OF PREVIOUS STUDIES h the Previous studies have provided conflicting evidence on whether basal coronary tone is increased in spastic segments. 17-22 Hill et al reported that basal coronary tone in the spastic basal site, estimated after the administration of 0 4 initial mg of sublingual glyceryl trinitrate, was greater nents than in non-spastic sites in 17 patients with or in variant angina.'7 Hoshino et al reported that g the coronary artery tone assessed after the adminble in istration of 5 mg intraaortic isosorbide dininents, trate was greater in the entire coronary tree in seg-30 patients with variant angina than in 35 seg-patients without coronary spasm.'9 Hackett et pastic al, however, found that basal coronary tone, test, analysed after the administration of 2 mg was intracoronary isosorbide dinitrate, was not difpastic ferent at spastic sites than at non-spastic sites was in six patients with variant angina.'8 Kaski et al basal also found that basal coronary tone of segjacent ments in non-spastic vessels, estimated after !ssels. the administration of 1 to 2 mg intracoronary { tone isosorbide dinitrate, was not different between cantly 13 patients with variant angina and 41 patients ;rams. without coronary spasm.2' Kuga et al found also that basal coronary tone was increased in 15 :o the patients with variant angina but not in five of the others after the administration of 0-26 mg initial intravenous glyceryl trinitrate." o dif-
The conflicting results of previous studies one of may relate to differences in patient selection n the and the methods employed, including (1) 
